Adverse reactions to alcoholic beverages are common and diverse in aetiology. Ethanolinduced anaphylaxis, however, is a rare but often life-threatening condition that warrants careful evaluation in suspected individuals. We present the cases of two patients who developed urticaria, angioedema and throat constriction within minutes of consuming white wine. Both individuals demonstrated no adverse reaction to doubleblind placebo-controlled challenges to metabisulphite or sodium salicylate. However, an open challenge to white wine elicited urticaria in both subjects. This reaction was reproduced with a double-blind placebo-controlled challenge to ethanol and was accompanied by a rise in serum total tryptase levels. Positive skin test responses to 2% acetic acid, a breakdown product of ethanol, were elicited from both patients but not from three normal controls. These two cases demonstrate the need for a systematic approach for the evaluation of allergic reactions to alcohol.
Case Reports

Case 1
A 58-year-old female reported three separate adverse reactions to meals comprised of seafood and white wine. The first episode occurred after ingestion of shellfish and consumption of 10 ml of white wine (12% ethanol v/v). Within a few minutes, she developed generalised urticaria, throat itch and dizziness. Her symptoms resolved promptly after taking 10 mg cetirizine. The second episode occurred within minutes of the simultaneous consumption of crab soup and 5 ml of white wine (14% ethanol v/v). She developed urticaria over her palms without any accompanying cardiorespiratory symptoms. Her third and most severe episode occurred whilst ingesting a fish cocktail and consuming 10 ml of white wine (12% ethanol v/v). The reaction was characterised by generalised urticaria, angioedema of the lips and tongue, throat constriction, and change in voice. Self-administered antihistamines were ineffective in ameliorating her symptoms and she subsequently collapsed, and an ambulance was promptly summoned. Her blood pressure was initially unrecordable and she was immediately administered 300 μg adrenaline intramuscularly, following which she regained consciousness with her systolic blood pressure measured at 120 mm Hg. She had a history of hypertension that was treated with 150 mg irbesartan daily and supraventricular tachycardia that was controlled with 240 mg verapamil daily.
This patient was initially evaluated with skin-prick testing, which demonstrated no response to either fresh grapes or an extensive range of seafood. Double-blind placebo-controlled challenges to metabisulphite and salicylate, chemicals contained in white wine, were tolerated without any adverse
reactions. An open incremental challenge to Chardonnay (12% ethanol v/v) elicited urticaria after the cumulative ingestion of 4 ml. On a separate occasion, she developed urticaria after consumption of 0.4 ml of 96% ethanol. A double-blind placebo-controlled challenge containing either 20 ml of 96% ethanol in 300 ml of sweetened grape juice or sweetened grape juice alone [3] resulted in generalised urticaria after 7 ml of the ethanol mixture was consumed. This reaction was accompanied by a rise in serum total tryptase from a non-detectable level at baseline to 13.5 ng/ml 1 h after the onset of symptoms. The patient also had a positive skin-prick test response to 2% acetic acid, but no responses were elicited to varying concentrations of ethanol (9.6, 19.2, 48, 96%). In contrast, no response to 2% acetic acid was found in three normal controls.
The patient was placed on an alcohol-restricted diet including the avoidance of significant traces found in foods such as liqueur chocolates, marinades and tomato puree and overripe fruit [4] . An anaphylaxis management plan was formulated with an adrenaline autoinjector prescribed for use in the event of an accidental exposure resulting in a severe reaction characterised by angioedema of the tongue or the presence of cardiorespiratory symptoms. A MedicAlert TM bracelet was fashioned stipulating her alcohol allergy. She has had no further adverse events at one year following her diagnosis.
Case 2
A 22-year-old female, previously well, developed generalised urticaria and syncope after consumption of 30 ml of sparkling white wine Chardonnay (12% ethanol v/v). She regained consciousness after a few minutes and ingested an antihistamine, which abrogated her rash. She did not seek emergency medical attention for her reaction and was evaluated six weeks later. A skin-prick test to fresh grapes elicited no reaction. As for the previous patient, double-blind placebo-controlled challenges to metabisulphite and salicylate demonstrated no adverse reactions. Urticaria was elicited following the cumulative ingestion of 5 ml of Chardonnay (12% ethanol v/v). A double-blind placebo-controlled challenge containing either 20 ml of 96% ethanol in 300 ml of sweetened grape juice or sweetened grape juice alone resulted in generalised urticaria after 5 ml of the ethanol mixture was consumed. This reaction was accompanied by a rise in serum total tryptase from a non-detectable level at baseline to 14.2 ng/ml 1 hour after the onset of symptoms. She had a positive skin-prick test response to 2% acetic acid but no response to varying concentrations of ethanol (9.6, 19.2, 48, 96%). This patient was also placed on an alcohol-restricted diet, an anaphylaxis action plan was formulated and an adrenaline autoinjector was provided. She has also remained free from any adverse reactions for one year.
Discussion
The most common cutaneous adverse reaction to alcohol is flushing. Drugs such as disulfiram, metronidazole, griseofulvin and ketoconazole, physiological states such as menopause, pathological states such as rosacea and carcinoid, and the presence of certain aldehyde dehydrogenase isoforms in Oriental races can exacerbate alcohol-induced flushing [5, 6] . Intolerance to metabisulphites and salicylates found in wine have been incriminated in a small number of studies as a cause of episodic urticaria, rhinitis, asthma and anaphylaxis with most of these studies focusing on individuals with pre-existing asthma [7, 8] . Metabisulphites, brewer's yeast, hops and barley contained in beer have all been implicated in episodic cutaneous eruptions and anaphylaxis [9, 10] . More recent evidence using double-blind placebo-controlled challenges suggests that intolerance to these chemicals is directly responsible for only a relatively small number of cases of adverse reactions to wine in asthmatics [11, 12] . IgE-mediated hypersensitivity to grape has been rarely reported as a cause of alcohol-induced anaphylaxis [13, 14] . Decreased activity of the histamine-degrading enzyme, monoamine oxidase, has been proposed in certain individuals as a mechanism of intolerance to the histamine that is contained in red wine [15] . Interestingly, oral sensitisation to Hymenoptera venom, known to contaminate the wine during its preparation, has recently been implicated as a cause of reactions in certain subjects [12] .
Ethanol, itself, has only rarely been implicated in anaphylactic reactions to alcoholic drinks. As illustrated by our first case, such reactions appear to be precipitated by relatively small quantities of ethanol, and 1 ml may be sufficient to provoke severe anaphylaxis [1, 16] . Degranulation of mast cells occurs during such episodes as demonstrated in skin biopsies of urticarial lesions and the rise in serum histamine [17] and total tryptase levels [3] . Serial measurement of serum total tryptase is the most commonly used method of detecting and confirming anaphylaxis and is more reliable than histamine because of its stability and longer biological half-life [18] . Plasma histamine levels peak within 5-10 min of onset of symptoms and then fall to baseline levels within 60 min [19] . Serum tryptase is detected 60-90 min after the onset of anaphylaxis and persists for up to 5 h [20] . As shown in both our study and that of Emonet et al. [3] , serum total tryptase increased following the development of symptoms after an ethanol challenge. It must be noted, however, that elevated serum total tryptase levels are uncommonly found in food-related anaphylaxis for reasons which are not fully understood [21] . Hence, caution should be exercised and further studies are needed to determine the value of tryptase determination in ethanol-related anaphylaxis.
Anaphylactic reactions to ethanol appear to be IgE-mediated responses to acetic acid, a breakdown product of the ethanol metabolism, rather than to ethanol itself; and positive skin-test responses can be demonstrated in such individuals to acetic acid, whereas responses to ethanol are invariably negative [22, 23] . Non-IgE-mediated intolerance to ethanol and/or its metabolites remains a possibility in other individuals with negative skin responses to grape, ethanol, acetaldehyde and acetic acid and negative double-blind placebo-controlled challenges to metabisulphite and salicylate. Upon investigation, these individuals may only demonstrate a reaction following an oral exposure to ethanol [24] . It is pertinent to note that food chemicals such as metabisulphites and salicylates, and grapes are absent in gin, vodka and whisky [25] , and this may heighten the speculation that ethanol is the inciting factor in patients who develop an urticarial or anaphylactic reaction to these spirits if consumed neat.
In conclusion, we propose that once flushing reactions are excluded on history taking, a stepwise approach should be adopted for the evaluation of adverse reactions to alcoholic beverages. The patient can initially be investigated with skin-prick tests against foods that were simultaneously consumed with the alcoholic beverage or against fresh green and red grapes. If negative, double-blind placebo-controlled challenges to metabisulphite and salicylate can be performed; and if then necessary, a double-blind placebo-controlled challenge to ethanol. Those subjects that develop urticaria, angioedema or cardiorespiratory symptoms upon challenge to these chemicals should have measurements of serum tryptase performed to ascertain objective evidence of mast cell degranulation. Skin test responses to ethanol metabolites may also help elucidate the underlying mechanism and identify the allergen involved. Such a strategy enables the clinician to objectively determine the alcoholic beverages and/or food substances that the patient can then restrict from their diet. Further studies using larger cohorts are also needed to better define the prevalence and role of ethanol hypersensitivity and other factors involved in mediating adverse reactions to alcoholic beverages.
